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$G,$ $H,$ $K$ : $\Omega$. $H$ $K$ $G$ $\Leftrightarrow g^{-1}Hg=K$ for some $g\in G$. $H=K$ $g^{-1}Hg=K$ $g$
$\Rightarrow H$ $G$ Norm $(G, H)=\{g\in G|g^{-1}Hg=H\}$
Cannon-Holt. “The transitive groups of degree 32“ 2008.12
Computing normalisers and testing conjugacy of subgroups are notoriously difficult problems
even in permutation groups of small degree.
2 Definitions and Notations. $\Omega=\{1,2, \cdots, n\},$ $n=G$ (degree). $G$ $i\in\Omega$ $orbit\Leftrightarrow\{i^{g}|g\in G\}$. $G$ $\Omega$ $(tmnsitive)\Leftrightarrow G$ $\Omega$ orbit 1
$\Leftrightarrow\{i^{g}|g\in G\}=\Omega$ for any $i\in\Omega$. $G$ $i$ $\Leftrightarrow G_{i}=\{g\in G|i^{g}=i\}$. $G$ $\Omega^{2}$ : $(i,j)^{g}=(i^{9},j^{g})$ for $(i, j)\in\Omega^{2}$ and $g\in G$
Fact $N=$Norm $(G, H)$
$N$ $H$ orbit $H$ $G$ $H$
orbit
$N$ $N$ orbit $H$
$\Rightarrow H$ $N$ $A$ $G$ , $A$ :
imiyamotol@gmail.com





$R_{0}=\{(1,1), (2,2), (3,3), (4,4), (5,5), (6,6)\}$ ,
$R_{1}=\{(1,2), (2,1), (3,4), (4,3), (5,6), (6,5)\}$ , $\Omega$ $\Omega$ orbit
$R_{2}=\{(1,3), (1,4), (2,3), (2,4), \cdots, (6,1), (6,2)\}$ , 4
$R_{3}={}^{t}R_{2}=\{(3,1), (4,1), (3,2), \cdots, (1,6), (2,6)\}$
1 2 3 4 5 6
$C=645321(_{2}^{1}3230$ $303221$ $033221$ $032231$ $033221$ $033221]n\in Narrow(_{3}^{1}0322$ $032231$ $032321$ $033221$ $033221$ $033221]$
$(032321$ $033221$ $033221$ $330221$ $303221$ $323021)\cong(330221$ $033221$ $303221$ $033221$ $023321$ $033221)$
$Aut(C)=Group((3,5,4,6), (1,6,2,5)(3,4))\supsetneq H$





[Assumption] $N$ $H$ orbit $O$ $\Rightarrow N=<H,$ $N_{i}>,$ $i\in O$
[Example] $\Omega=\{1,2, \cdots, 28\}H=$TransitiveGrou $p$(28, 1528), G $=$ SymmetricGroup(28)
$\Rightarrow\Omega$ $H,$ $N$ orbit $\Rightarrow N=<H,$ $N_{1}>$
1 $H_{1}$ orbit {1}, {2}, $\{$3, 4, $\cdots,$ $28\}$
$\Rightarrow\{3,4, \cdots, 28\}$ $H_{1},$ $N_{1}$ orbit $\Rightarrow N=<H\iota,$ $(N_{1})_{3}>$
$N_{1,3}=(N_{1})_{3}$ $H$ 1,3 $H_{1,3}$
$n^{-1}H_{1,3}n=H_{1,3}$ , for all $n\in N_{1,3}$
$\Rightarrow N=<H$, ( $H_{1,3}$ ) $\cap$ (Hl ) $\cap$ N $>$
68
$H,$ $H_{1},$ $H_{1,3}$ $C,$ $C^{(1)},$ $C^{(2)}$ $A,$ $A^{(1)},$ $A^{(2)}$
$|A|$ $=$ $2^{14}14!$ $=$ 1428329123020800
$|A^{(1)}\cap A|$ $=$ $|A^{(1)}|$ $=$ $2^{13}13!$ $=$ 51011754393600
$|A^{(2)}\cap A^{(1)}\cap A|$ $=$ $|A^{(2)}|$ $=$ 196608
$N=N(G, H)$ $=$ $<H$, Norm $(A^{(2)}, H)>$
$=$ $<H$, Norm (Norm $(A^{(2)},$ $H_{1}),$ $H$) $>$
$=$ $<H$, Norm(Norm(Norm $(A^{(2)},$ $H_{1,3}),$ $H_{1}$ ), $H$) $>$
$A$ wreath
$A^{(2)}$
[Remark]. $H/A^{(2)}$ Norm $(A^{(2)}, H)$. Magma Norm$(G, H)$ $H$ $G$
5 (Subdirect Product)
$H$ $N=$Norm $(G, H)$ orbit “ ”. $H$ $\Omega$ 2 orbit $O,$ $O’$. $N$ $O,$ $O’$
$\Rightarrow H$ $O$ $O’$ $(H, O),$ $(H, O’)$
$K$ $O$ $L$ $O’$ $K$ $L$ $\Omega=O\cup O’$
( ) $H$ $K$ $L$ $K\cong(H, O),$ $L\cong(H, O’)$ $H$
$K_{1}$ $K_{2}$ . .. $K_{8}$
GAP SubdirectProducts
$K$
$\sigma=(21’$ $42’$ $3’1’$ $4’5’$ $65’$
$K^{\sigma}$






( $H$ 2 orbit $O,$ $O’$ )
1. Action $(H, O)$ Action $(H, O’)$ $\sigma$
Action $(H, O)$ $arrow$
2. $\sigma$ $O$ $O’$ $n\in N$
3. (a) 1 $O$ $O’$ $N_{O}$ $arrow N=<n$ , $No>$
$H$ $N_{O}$ orbit$O$
(b) 2 ActIon $(H, O)$ $O$ $M$ Norm$(<n, M>, H)=N$
$<n,$ $M>\cong Wreath$Product$(M, Sym(2))$
1 GAP 2 Magma
$H$ orbit 2. orbit 4. 1 4 orbit $4!=24$ $n_{i}\in N$ orbit
orbit $N_{0}$ $N=<\cdots,$ $n_{i},$ $\cdots,$ $N_{0}>$
. orbit orbit $|O_{j}|\ll|\Omega|$ Action $(H, O_{j})$ orbit
. $|O_{j}|$ Action $(H, O_{j})$ orbit
6
61 16 2 in $Sym(32)$
16 1954 TransitiveGroup$($ 16, $i),$ $(1$ $i$ 1954 $)$
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16 2 in $Sym(32)$
$\frac{Norm(Sym(32),Transit\dot{I}veGroup(16,i)TransitiveGroup(16,j))\text{ }}{ijMagma2.8Magmaca1cu1atorGA}$
1484 1484 5793 $>60$ 0.3
1379 1379 11043 $>60$ 0.3
1223 1223 10199 $>60$ 0.3
1187 1187 5847 $>60$ 0.4
465 465 145 $>60$ 0.2
1075 1075 13 29 780
1505 1505 08 02 493
1502 1502 362 125 466
1501 1501 436 223 321
1221 1210 27438 $>60$ 0.4
1461 1210 13805 $>60$ 0.2
1223 1187 24135 $>60$ 0.2
1075 1501 140 61 1140
1502 1505 28 12 585
1484 1501 6035 $>60$ 398
6.2 PrimitiveGroup$($8, $3)^{4}$ in $Sym(32)$
4 PrimitiveGroup(8, 3) 56
Norm ($Sym(32)$ , PrimitiveGroup(8, $3)^{4}$ ) ( )
$Magma2.8/$calculator GAP GAP Magma
11,595 227,761 296 1,083
14 186 $>60$ 9422 2.9 11
48 2,058 $>60$ 372 4.6 187
49 4,406 $>60$ 1293 3.0 487
50 116 54 3798 5.0 13
54 2,584 $>60$ 2018 3.2 273
15 11.0 4.3 43945 4.3 0.6
17 6.0 2.0 90151 2.2 0.7
19 8.1 4.3 53017 4.4 0.4
22 0.3 0.15 0.1 19.6 0.02
42 78 31.2 15.2 28.7 3.1
6.3 PrimitiveGroup $($8, $1)^{4}$ in $Sym(32)$
4 PrimitiveGroup(8, 1) 49
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Norm ($Sym(32)$ , PrimitiveGroup(8, $1)^{4}$ )
GAP 195 1 :180 15
GAP 264 $\approx 15$ $24=4!$ (orbit 4 )
Magma2.8 6610
Magma28 13
GAP PrimitiveGroup. PrimitiveGroup$(8,1)\cong AGL(1,8)$. $PrimitiveGroup(8,3)\cong AGL(3,2)$
Magma 20111210 version 218
Magma Calculator 1
PrimitiveGroup$($ 16, $11)\cong AGL(4,2)$ 4
1
GAP 4.5 version
Magma
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